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Uncertainty,
freedom of action
and investment
behaviour –
empirical findings
for Germany

Investment in the buildup and mod-

ernisation of the capital stock is a key

variable in the economic development

and prosperity of a country. Private

investment requires entrepreneurs to

deal with a basic phenomenon: uncer-

tainty. One might say that investment

is like “betting on the future”.

There is no clear theoretical relation-

ship between investment and uncer-

tainty. Since uncertainty also involves

entrepreneurial opportunity, it may

not only produce dampening effects

but might also promote investment.

The extent of the entrepreneurial free-

dom of action is important in deter-

mining which of the two types of

effects will prevail.

Drawing on the more recent literature

on investment, this article uses cor-

porate balance-sheet data of the

Deutsche Bundesbank to examine the

investment behaviour of 6,745 enter-

prises. The main result is that the effect

of uncertainty on investment behav-

iour is definitely negative. For econom-

ic policy makers, the maxim that fol-

lows from this is to ensure certainty of

planning wherever possible and to

open up – and keep open – the free-

dom of entrepreneurs to take action.
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The role of uncertainty in investment

decisions

An understanding of factors that motivate

entrepreneurial fixed investment is extremely

important to economic policy makers in gen-

eral and to central banks in particular. Ex-

perience has shown that investment in fixed

assets is a very volatile component of macro-

economic demand. This makes it an excep-

tionally dynamic factor in the entire business

cycle, and thus difficult to forecast. However,

its second feature is more important. Positive

net investment is tantamount to growth of

the macroeconomic capital stock and – in line

with its factor productivity – of potential out-

put.1 Investment is therefore a key founda-

tion of material prosperity. By either investing

or not investing, burdens and benefits can be

shifted back and forth between generations

and over time.2

In principle, an additional investment project

is advantageous if and only if the expected

market value of the project exceeds the

amount spent on purchasing and installing

the capital good. If investment is made, this

leads to additional revenue. This “marginal

revenue” must be weighed by the investor

against the costs being incurred because the

funds are tied up in the enterprise for a

lengthy period of time and cannot be put to

another use.3

Knowledge of future developments is always

sketchy. Therefore, investment is essentially

akin to “betting on the future”. Those who

undertake an investment project under mar-

ket conditions, such as purchasing a ware-

house, building a multi-family house or es-

tablishing a new production line, will not be

able to avoid accountability to themselves or

others regarding the expected revenue. But

important data on the cost side such as input

prices, wages and interest, are hidden in the

future.

If the investors’ expectations turn out to be

erroneous, they must bear the economic con-

sequences of unfavourable sales or cost de-

velopments. On the other hand, they also

reap the benefits of unexpectedly favourable

market developments. Hence investors tie

their economic fate to factors which they

have only incomplete knowledge of and con-

trol over. This is the essence of their entrepre-

neurial risk, and without the willingness to

incur such a risk, i. e. to “bet on the future”,

all long-term economic activity would cease.

Uncertainty is what makes entrepreneurship,

in its strict sense, necessary in the first place.

Within society’s division of labour, one might

say that entrepreneurs are experts in dealing

with uncertainty.

In light of the mediocre success that tradition-

al models have had in attempting to satisfac-

torily explain observed patterns of investment

behaviour, research on the effects of uncer-

1 For details on this see: Deutsche Bundesbank, Trends in
and structure of the overall capital stock, Monthly Report,
November 1998, page 25ff.
2 See: Deutsche Bundesbank, Development of public sec-
tor investment, and its financing, Monthly Report,
April 1999, page 29ff.
3 For more on the theory and empirical experience of in-
vestment demand, see: Chirinko, R.S., Business fixed in-
vestment spending: modeling strategies, empirical results
and policy implications, Journal of Economic Literature,
31, pages 1875 to 1911, 1993, and Caballero, R., Aggre-
gate investment, in: Taylor, J.B. and M. Woodford (eds.),
Handbook of Macroeconomics, pages 813 to 862, 1999.

Betting on the
future

Entrepreneurial
risk
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tainty has undergone a renaissance. What

may come as a surprise, though, is that in-

creased risk does not necessarily harm invest-

ment activity per se.

However, there are certainly a number of

valid reasons for such a negative effect. Most

economic agents tend to be risk-averse. Pre-

sented with a choice, they prefer certain re-

turns over uncertain returns if the expected

level is the same in both cases. Entrepre-

neurial risk is thus subjectively perceived as a

“bad” which is only accepted in return for

the prospect of higher returns. Generally this

extra return will have to be higher if the

existing information on the future is less pre-

cise. Such a correlation between the non-

diversifiable, systematic part of risk and the

risk premium demanded by investors con-

tinues to hold when all options for diversify-

ing risk have been exhausted.

The financing of risky projects can turn out

to be difficult owing to what is called the

principal-agent problem. If a company’s man-

agement is better informed than the external

providers of capital (lenders or shareholders),

management will have an incentive to exploit

this knowledge advantage. For their part,

providers of capital must live with the conse-

quences of such selfish behaviour – which

can range anywhere from lower returns to

total loss of invested capital – and will do all

they can to hedge against such losses. For

good reason, therefore, providers of capital

are more careful with commitments if the

decision makers are largely uncontrolled. In-

formation asymmetry is especially great if the

profitability of an investment project is diffi-

cult to assess from the outside – meaning

that a higher level of uncertainty exists. Be-

sides additional risk premiums or limits in the

amount of funds lent by banks, a further con-

sequence may be that promising projects will

not find anyone willing to finance them in

the market for equity, either. That has noth-

ing to do with the risk propensity of pro-

viders of capital: asymmetrical information

also makes financing more difficult in those

cases where all parties involved are indifferent

to risk.

A third chain of causality has only recently

come to the forefront of academic debate

and has also entered the literature of business

management as the real option model of in-

vestment.4 Traditional models of investment

take account of uncertainty by converting the

expected returns into what are called cer-

tainty equivalents or include a risk premium

in the discount factor. However, this does not

account for the fact that in most cases invest-

ment is difficult or impossible to reverse. This

engenders asymmetrical adjustment costs.

Whereas in principle it is relatively easy to

raise the capital stock, it is often only possible

to get rid of it by either selling it far below its

original price or scrapping it. If the investor

has the option of postponing the implemen-

tation of such a project, tying up capital irre-

versibly becomes more expensive if the de-

gree of uncertainty is high. The less investors

know about future developments, the more

4 The flood of relatively recent studies on uncertainty and
irreversibility was unleashed by: McDonald, R. L. and
D.R. Siegel, The value of waiting to invest, Quarterly
Journal of Economic, 101, pages 706 to 727, 1986. The
monograph by Dixit, A.K and R.S. Pindyck, Investment
under uncertainty, Princeton, 1994 is the first summary
of this new literature.

Risk aversion:
uncertainty
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difficult it is for them to make an irreversible

commitment in the present.

Where investment is made immediately, the

company not only gives up the monetary

equivalent of the capital good it has pur-

chased, but also sacrifices the option of being

able to decide again at a later time based on

improved information. From the company’s

point of view such an investment opportunity

is a “real option”, the value of which can, in

principle, be calculated just like that of a call

option on a dividend-bearing security. If in-

vestment is made now, the option on a future

decision is sacrificed. In a rational investment

decision, the value of this option must be

taken into account as an additional cost com-

ponent. This raises the opportunity cost of

the decision to invest, which, in turn, raises

the profitability threshold. This yield premium,

as is typical of option prices, is dependent on

the level of uncertainty regarding the course

of future profitability. In Appendix 1 this sub-

ject will be discussed more thoroughly for the

two-period case.

Where uncertainty is great, it often appears

advisable for entrepreneurs to hold on to

their option, thereby maintaining their ability

to adapt to economic developments which

are still murky. Therefore, a relatively long

period of heightened uncertainty can easily

lead to a “wait-and-see” attitude towards

investment. This general principle can also be

applied to the demand for durable consumer

goods, efforts to explore sources of raw ma-

terials and decisions to enter or exit the mar-

ket. The effect of job protection rules on the

demand for labour can also be studied using

this versatile analytical instrument.5

The influence channels outlined so far tend

to suggest that uncertainty has a dampening

impact on investment activity. However, in-

creasing uncertainty heightens not only the

risks but also the opportunities of entrepre-

neurial activity. Those investing in their capital

stock today are at the same time purchasing

new opportunities to take action which re-

main closed to the hesitant. If an entrepre-

neur is able to adjust in a sufficiently flexible

manner to the situation, uncertainty can even

add economic value to the investment project.

This mechanism, also known as the Hartman-

Abel effect,6 applies where, at the time of the

investment, uncertainty about the output

price exists, yet the amounts of variable fac-

tors of production being deployed, such as la-

bour, energy or raw materials, can optimally

be adjusted to different demand situations.

In Appendix 2 this will be explained in depth

using a two-period example.

If investors are able to adapt production opti-

mally to changing circumstances, they there-

by systematically increase the weight of fa-

vourable developments relative to less favour-

able events. Thus, uncertainty increases the

expected value of the return and can thus be

an independent incentive to invest. To a cer-

tain degree this is a complement to earlier

5 See: Bentolila, S. and G. Bertola, Firing costs and labour
demand: How bad is Eurosclerosis? Review of Economic
Studies, 57, pages 381 to 402, 1990.
6 See: Hartman, R., The effect of price and cost uncer-
tainty on investment, Journal of Economic Theory, 5,
pages 258 to 266, 1972, and Abel, A.B., Optimal invest-
ment under uncertainty, American Economic Review, 73,
pages 228 to 233, 1983.

The more
uncertain the
future, ...

... the more
valuable
freedom of
action is

Uncertainty
as an
entrepreneurial
opportunity
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action
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statements in this article that in an irreversible

investment situation the cost of tying up cap-

ital rises with growing uncertainty. This pat-

tern once again underlines the fact that flexi-

bility and freedom of action are key variables

in investment behaviour.

On the other hand, though, the above con-

siderations make it clear that the impact

of uncertainty on the investment behaviour

of profit-oriented entrepreneurs depends on

the specific circumstances. Depending on the

type of project, the enterprise’s technology,

its market position and the nature of uncer-

tainty, the underlying phenomenon of un-

certainty can either prevent or attract entre-

preneurial investment.7

How and to what extent does uncertainty

affect the “bet on the future” when looking

at an aggregate of projects and enterprises?

This can only be answered empirically, yet the

findings do not permit any definite conclu-

sions to be made. There are only a very few

results available for Germany,8 and only one

study uses individual data.9

Microeconomic data are fundamentally bet-

ter suited to explain the role of uncertainty

than macroeconomic data. A research project

run by the Bundesbank therefore attempted

to use a large and in many respects unique

set of individual balance sheets to gather

more exact information about the relation-

ship between investment and uncertainty.10

The data for empirical review

The Bundesbank’s corporate balance-sheet

statistics are by far the most comprehensive

statistically evaluated collection of German

non-financial enterprises’ annual accounts.

The data date back to when the Bundesbank

was still conducting bill-based business. The

discounting of a trade bill of exchange made

it necessary to check enterprises’ credit rat-

Size distribution of firms
in the sample, by average number
of employees

Average number of employees (n)

No. of
enter-
prises %

n , 20 675 10.01

20 , n # 100 2,622 38.87

100 , n # 500 2,547 37.76

n . 500 901 13.36

Deutsche Bundesbank

7 See: Dixit, A.K. and R.S. Pindyck, op.cit., chapters 6
and 11, and Darby, J., A. J. Hughes Hallet, J. Ireland and
L. Piscitelli, The impact of exchange level uncertainty
on the level of investment, Economic Journal, 109,
pages C55 to C67, 1999.
8 See, among others: Seppelfricke, P., Investitionen unter
Unsicherheit. Eine theoretische und empirische Untersu-
chung für die Bundesrepublik Deutschland, Frankfurt am
Main, 1996, and Werner, T., Die Wirkung von Wechsel-
kursvolatilitäten auf das Investitionsverhalten. Eine theo-
retische und empirische Analyse aus der Perspektive der
Realoptionstheorie, Kredit und Kapital, 34, pages 1 to
27, 2001 (available only in German).
9 This study, on the basis of data from 70 German firms,
identifies a positive correlation between investment and
uncertainty. See: Böhm, H., M. Funke and N.A. Siegfried,
Discovering the link between uncertainty and investment
– Microeconometric evidence from Germany, in Deutsche
Bundesbank (ed.), Investing today for the world of to-
morrow. Berlin, Heidelberg, New York, 2001.
10 See: v. Kalckreuth, U., Exploring the role of uncer-
tainty for corporate investment decisions in Germany,
Economic Research Centre of the Deutsche Bundesbank,
Discussion Paper 5/00, 2000.

Effect depends
on circum-
stances
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ing. In that context, up until the end of the

nineties an average of nearly 70,000 annual

accounts were sent to the Bundesbank’s

branch offices every year for processing.

Once they have been thoroughly reviewed

and checked, these accounts form the data

base for corporate balance-sheet statistics.

With respect to manufacturing companies

in western Germany, the data base covers

around 75% of the aggregate turnover, but

only around 8% of the total number of

enterprises.

Technically speaking, the set of data under-

lying this study is called a panel. It contains

not only information on a large number of in-

dividual enterprises at a fixed point in time

but can also follow the development of those

enterprises over time. A panel contains a con-

siderably larger volume of information than

purely cross-sectional data or time series.

However, it is not possible to use the whole

panel of data from corporate balance-sheet

statistics for econometric evaluation. For

comparability reasons, the study is limited to

western German manufacturing corporations

and to the period between 1987 and 1997.

Furthermore, only part of the annual ac-

counts contains sufficiently exact information

on the capital stock and investment. For stat-

istical reasons, uncertainty can only be meas-

ured in those enterprises where annual ac-

counts exist for at least eight consecutive fi-

nancial years. After excluding statistical out-

liers, the panel is left with 6,745 firms and

nearly 50,000 observations. Though this is

not a representative sample in the strict statis-

tical sense, it still mirrors the structure of the

Composition of the sample, by sector

Sector (according to SYPRO)

No. of
enter-
prises

No. of
obser-
vations

Mineral oil processing 16 132

Quarrying and manufacture of
mineral products 222 1,645

Iron and steel industry 118 859

Non-ferrous metal industry 64 495

Foundries 100 724

Drawing plants, cold rolling mills,
secondary transformation of
metals, etc. 284 2,087

Manufacture of structural metal
products, rolling stock 236 1,680

Mechanical engineering 1,169 8,726

Manufacture of road vehicles and
repair of motor vehicles 166 1,255

Shipbuilding 8 63

Manufacture of aircraft and
spacecraft 4 32

Electrical engineering, repair of
electrical household goods, etc. 385 2,921

Manufacture of precision and
optical instruments, clocks and
watches 285 2,119

Manufacture of tools and finished
metal goods 526 3,967

Manufacture of musical instru-
ments, toys and games, fountain
pens, etc. 134 944

Chemical industry 349 2,629

Data processing equipment 19 130

Manufacture of ceramic goods 70 523

Manufacture and processing of
glass 75 546

Wood-working 257 1,813

Manufacture of wood products 196 1,406

Manufacture of pulp, paper and
board 193 1,444

Processing of paper and board 50 391

Printing and duplicating 268 1,998

Manufacture of plastic products 444 3,282

Manufacture of rubber products 59 455

Manufacture of leather and
leather products 56 453

Textile industry 327 2,410

Clothing industry 208 1,528

Food and drink industry, tobacco
products 448 3,302

Total 6,745 49,959

Deutsche Bundesbank
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western German manufacturing industry rela-

tively well. The median number of persons

employed is 118, and a rather large share of

small and medium-sized enterprises, which

form the backbone of western German in-

dustry, is taken into account.

The estimation approach

In order to be econometrically useful, a meas-

ure of uncertainty must vary not only over

time but also among firms. Uncertainty is a

characteristic of the subjective image that de-

cision-makers form of their environment and

cannot be recorded with the same precision

as the prices or quantity of output.

The reference variable is profit, defined as the

difference between earnings and costs. For

both variables, uncertainty indicators are con-

structed from their respective volatility. The

underlying premise is as follows: the more

sharply revenue and costs have fluctuated in

the past few years, the less certain the entre-

preneur in question is regarding their future

development.

For real sales, initially a first-order auto-

regressive equation with a firm-specific con-

stant was estimated for 78 groups of firms.

The groups were formed using the character-

istics of sector and size. The residues of the

estimation for a given company and a given

year can be interpreted as a firm-specific

“sales shock”. As an indicator of sales un-

certainty, the square of the sum of residual

squares was formed for the past three years.

An analogous approach was used to con-

struct an indicator for cost uncertainty. A real

cost variable was formed by calculating the

difference between sales and the operating

result and deflating it with output prices.

Since costs are to a great degree determined

by the amount sold, in a second step for each

company a least-squares regression of costs

on real sales was conducted. This filtered out

all direct and indirect linear effects of earn-

ings on costs. The residues left over are inter-

preted as time-specific and firm-specific “cost

shocks” and taken to form uncertainty indi-

cators similarly to sales shocks.

The decision on the investment equation to

be estimated is also important. If a significant

factor is left out, something might be attrib-

uted to uncertainty although its cause is com-

pletely different. The study uses the frequent-

ly adopted “accelerator equation”, in which

changes in real sales play a key role. More-

over, the company’s cash flow was entered

into the equation to take account of enter-

prises’ profit expectations and financing con-

straints. The influence of interest and taxes

on the user costs of capital, just like turbu-

lence following German unification and other

cyclical disruptions, were filtered out by ad-

justing for all macroeconomic movements

using time dummies. Finally, the two uncer-

tainty variables were included and tested

both in isolation and in combination with one

another.

Profit
uncertainty ...

... is sales
uncertainty ...

... plus cost
uncertainty

An accelerator
equation
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The main results of the study

As the estimated results show, uncertainty

may be classified as clearly disruptive to de-

mand for investment. The strength of the

negative effect is considerable. This becomes

evident if one looks at an average deviation of

the indicators from their mean value, also

known as a standard deviation. If both indica-

tors deviate upwards by one standard devi-

ation, companies’ investment will decline by

an average of around 6 1�2 %. A downward

deviation would, ceteris paribus, cause invest-

ment activity to go up accordingly. In addition,

sales and cost uncertainty have roughly the

same importance, i. e. each is responsible for

roughly half of the overall effect.

Conversely, this means that the potentially

positive impact, the Hartman-Abel effect, is

apparently not dominant in Germany. As ex-

plained above, this transmission mechanism

presupposes that the use of important vari-

able factors can be adjusted to changing mar-

ket conditions rapidly and at minor cost. In

many cases the interplay of various labour-

market-policy rules and high recruitment

costs make such rapid adjustment to chan-

ging operational conditions more difficult. In

such an institutional environment, though,

the Hartman-Abel effect can only prevail in

certain market niches, if at all.11

However, diagnosing a net negative effect

does not permit one to conclude which of

the three possible channels – risk aversion,

asymmetrical information or irreversibility – is

the chief culprit. Particularly the role of the fi-

nancial structure in investment behaviour will

need to be clarified in further studies by the

Bundesbank and the research network of the

Eurosystem’s central banks.

In economic policy terms, it becomes clear

that it will be much less difficult for German

entrepreneurs to “bet on the future” if they

know where they stand within their econom-

ic environment. However, this certainly can-

not mean that the government could or

should relieve them of their entrepreneurial

risk. Yet the government, through reliable

economic policies, can provide a stable foun-

dation for private-sector planning. This would

also enhance companies’ willingness to in-

vest.

However, an even more important element in

regulatory policy terms is to create and main-

tain entrepreneurial freedom of action. The

more the hands of tomorrow’s investors are

tied, the more hesitant they will be today and

the less real capital they will provide to the

site in question. By contrast, more flexibility in

operations management, such as in regulating

working hours, will create incentives to invest.

The additional capacity, once it has been cre-

ated, also benefits labour as a factor of pro-

duction, through increased employment and,

over the longer term, higher wages.

11 If the capital intensity chosen at one point in time
must be maintained until the end of a capital good’s life-
cycle, this does not mean that the corporate sector could
not adjust to changes in the business environment over
the medium and long term. Investment in rationalisa-
tion is just as possible as is non-reinvestment or the drop-
ping of expansion plans or even terminating operations
at certain sites entirely. The medium-term consequences
of the attempt to use the short-term immobility of capital
as a factor of production for high wage demands are
covered in: Deutsche Bundesbank, Factor prices, employ-
ment and capital stock in Germany: results of a simula-
tion study, Monthly Report, July 2001, page 49ff.
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Estimation of an accelerator equation with uncertainty

Fixed-effect estimations of an accelerator equation with uncertainty
Dependent variable: real investment per unit of capital

Variables (1) (2) (3) (4)

Sum of coefficients for real sales growth of the years
(t–3) to t

0.2448**

(0.0249)
P<0.0005

0.2478**

(0.0249)
P<0.0005

0.2407**

(0.0250)
P<0.0005

0.2437**

(0.0250)
P<0.0005

Sum of coefficients for real cash flow per unit of capital of the years
(t–3) to t

0.1353**

(0.0130)
P<0.0005

0.1350**

(0.0130)
P<0.0005

0.1358**

(0.0129)
P<0.0005

0.1356**

(0.0130)
P<0.0005

Sales uncertainty
from shocks of the years (t–3) to (t–1)

– 0.0457**

(0.0172)
P=0.008

– 0.0425*

(0.0173)
P=0.014

Cost uncertainty
from shocks of the years (t–3) to (t–1)

– 0.1693**

(0.0464)
P<0.0005

– 0.1612**

(0.0465)
P=0.001

Number of observations 29,724

Number of firms 6,745

Additional regressors: time dummies and a constant. In
brackets: standard deviations of the estimated coeffi-
cients, robust against general heteroscedasticity and

autocorrelation within the observation unit. P-values:
significance level. — * Significant at the 5% level. —
** Significant at the 1% level.

There is a long-run equilibrium between the
capital stock and output, which is determined
by relative factor prices. Investment deter-
mines the growth of the capital stock and is
therefore in a fixed relationship to output
growth. The influence of the user cost of cap-
ital is included by using time dummies under
the assumption that capital use costs are the
same for all firms at a given point in time. The
cash flow per unit of capital has a dual func-
tion in the equation: as a measure of free
liquidity it determines the scope for the enter-
prise’s internal finance, and as a measure
of profitability, it plays a significant role in
expectations formation. Last but not least,
measures for sales uncertainty and cost uncer-
tainty are entered. The estimated behaviour
equation for firm i is:

Fi,t–n

Ki,t–n–1
= ∑ βS

n=0Ki,t–1

Ii,t
t=mSi,t–m + ∑ βF^

t–n
m=0

M

+ βUUi,t + vi,t,
N

where vi,t = αi + λt + ξi,t.

In this equation Ii,t is the real expenditure of
firm i in year t on investment in fixed capital.
Ŝi,t is the growth rate of real sales, expressed
as the first difference of the logarithm. Fi,t is
real cash flow, Ki,t–1 the real capital stock at
the end of the previous period, and Ui,t one
of the two measures of uncertainty. The dis-
turbance term vi,t is composed of a firm-spe-
cific constant ai, a time-specific disturbance lt

which is the same for all enterprises, and an
idiosyncratic disturbance xi,t.

Deutsche Bundesbank



Deutsche
Bundesbank
Monthly Report
September 2001

80

Annex 1:

The option pricing model as an explanatory

approach

In the following text, a closer look will be taken at

investment projects which are not only irreversible

but where there is also discretionary scope regard-

ing the choice of when to invest. Those two char-

acteristics are crucially important under uncer-

tainty. The key statement is: in order for an irre-

versible investment to be made under uncertainty,

the expected return must be greater than if the in-

vestment were freely reversible or if certainty were

to exist. There are two equivalent methods of justi-

fying this in economic terms:

– Irreversibility constitutes a restriction in future

entrepreneurial activity. There is a certain prob-

ability that this restriction will be binding in

future periods, in which the capital stock will

prove to be too big. Yet since the latter cannot

be reduced, the capacity overhang causes

losses which could have been avoided if the in-

vestor would have waited. If the investment is

to be made, the expected return must cover

this possibility of a loss.

– Making an irreversible investment robs the in-

vestor of the opportunity to make the investment

decision at a later point in time. This possibility –

given imperfect competition, at any rate – gener-

ally has a positive value. From the entrepreneur’s

point of view the investment opportunity repre-

sents a real option, the value of which can be cal-

culated like that of an option to purchase a divi-

dend-bearing security. If the investment is made,

the option is gone. Its value must therefore be

taken into account in the investment decision as

an additional opportunity cost.

1. A simple two-period model

This basic statement can be explained in some-

what more depth using a two-period model.12 To

start with, the structure of two-period irreversible

investment decisions is characterised by maximis-

ing expected returns. Then, the principles of op-

tion valuation are explained. Building upon that, it

will be shown that an irreversible investment deci-

sion can just as easily be described as a decision on

whether to exercise a real option.

In the example, it shall be assumed that a potential

investor wants to build a factory and has a choice

between two possible dates for investment. There

are irreversible costs of I = 1,600 money units

(MU), i. e. these costs must be borne in full even if

the project ends up losing money. In every period,

the factory produces one unit of output, the

price of which moves at random. Let the price at

time t = 0 be 200 MU. In the next period it will rise

with a probability of q = 0.5 to 300 MU. With the

reverse probability 1 – q = 0.5 it will fall to 100 MU.

Then the price remains at its new level forever.

For simplicity, this model does not include ongoing

production costs; the development of prices is

therefore identical with the development of re-

turns. Finally, it shall also be assumed for simplicity

that either the investor is risk-neutral or the price

development risk can be eliminated by means of a

suitable method of diversification. In this case, the

expected payment flows are relevant to the invest-

ment decision, and they can be discounted at

12 For a similar explanation see, among others: Pindyck,
Robert S. (1991), Irreversibility, Uncertainty and Invest-
ment. Journal of Economic Literature, 29, pages 1110 to
1148. The formulas and calculations in this section were
borrowed from Pindyck.
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interest rate R for risk-free investment. In this

example, let R = 10%.

If the investor is unable to delay the decision, it is

necessary to check whether the investment will

lead to a positive net present value (NPV) if it is

made in t = 0. The result for the (expected) net

present value is:

(1.1)t
E(Pt)(1) E(NPV) = – 1,600+∑ = 600,

t=0

∞

since E(Pt) = 200 for all values of t. Since the

present value of the expected net payments ex-

ceeds the one-off purchase costs, the investment

should be made according to the net present value

criterion.

Now, if the investor is able to postpone the deci-

sion to a later point in time, this creates the oppor-

tunity to track price developments. If the price

goes down to P1 =100, the investment no longer

pays off: the present value of the returns in t = 1

would then only be 1,100 MU, which would not

cover the initial outlays. For P1 =100 no investment

is made and the losses associated with this envir-

onment are avoided. By contrast, in the best-case

scenario, where P1 =300, investment is profitable.

Further hesitation would be senseless, only leading

to the loss of current income.

If the expected value of the net present value

NPV* is calculated for the delay of investment for

one period, the result is:

E(NPV*) = 0.5 · 0 + 0.5 · [ – +∑1,600
1.1

300
(1.1)t ] = 772.73 MU 

t=1

∞

It is apparent that the project’s expected present

value is greater if the decision is put off. A rational

investor will therefore not make the investment

right away although the expected net present

value is positive. Instead, it is better to wait and in-

vest only when the price movements are advan-

tageous. The difference between the two net

present values, 172.73 MU, denotes the value of

the option of waiting one period before deciding

whether or not to invest.

2. The binomial model of option pricing

Treating an investment opportunity as an option in

the analytical sense, too, is possible and revealing.

The decision maker has the right to make an in-

vestment outlay within a certain time period and

to acquire a project whose value fluctuates sto-

chastically over time. This decision resembles that

of the owner of a call option on a dividend-bearing

security, such as a share. The decision on the opti-

mum time of the investment can therefore be

modelled just like the decision on exercising a call

option.

In the following, the binomial option pricing model

will be explained, with the help of which such op-

tions can be evaluated. It was developed by Cox,

Ross and Rubinstein (1979).13 In its simplest ver-

sion, with two points in time, it may be applied

directly to the above case.

A security will be examined, the price of which

(prior to dividend payment) is subject to a simple

stochastic process:

Vt = wt Vt-1

The factor wt is a random variable. With a prob-

ability of q it assumes the value u and, with the re-

verse probability 1 – q, a lower value d. The values

13 See: Cox, J.C., S.A. Ross and M. Rubinstein, Option
pricing: A simplified approach, Journal of Financial Eco-
nomics, 7, pages 229 to 263, 1979.
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u and d therefore give the price changes in the

best-case and worst-case scenarios, respectively.

At the end of period t, or at the beginning of t + 1,

the holder of the security receives a dividend of

Dt = dVt.

Holding a security during a period, i. e. between

t = 0 and t = 1, will lead in the second period, with

a probability of 1, to the value (u+d)V0 and with

the probability of 1–q to a lower value (d+d)V0.

V0

(u + δ)V0

(d + δ)V0

q

1–q

A call option gives its holder the right to buy the

security at a fixed price K, the strike price, from the

option seller. There are two basic types. A Euro-

pean option grants the right to purchase the paper

at only one single point in time, at maturity. The

holder of an American option, by contrast, can ex-

ercise the right to purchase at any single point in

time prior to maturity. Here, a European option

with a maturity of one period will be examined;

the purchaser therefore has the right to purchase

the underlying security in the following period at

price K. The value of the option at the time of

maturity, F1, can be determined for all states of

nature. It is calculated using the returns under

optimum behaviour:

(2) F1 = max[V1–K,0]

This value is a function of V1 =w1V0 and thus itself

a random variable. Fu is the value for favourable

price developments, Fd that given unfavourable

price developments. Both values are non-negative.

It is in the option’s nature that it does not need to

be exercised and therefore never leads to net out-

payments. Option price theory looks at the prices

of other marketable assets and calculates the value

of the option according to the best arbitrage possi-

bilities.

To value the option an “equivalent portfolio” is

built with a pattern of yields that exactly tracks de-

velopments in the value of the option. It has two

components: a number of units of the underlying

security, and credit liabilities. The composition of

the equivalent portfolio is selected in such a way

as to generate the same payments as the option it-

self under all possible states of nature. Then, in

equilibrium, the market price of the option must

equal the value of its equivalent portfolio. Other-

wise, by issuing new options while simultaneously

purchasing the equivalent portfolio or by buying

the option and selling the portfolio, one can reap

virtually unlimited risk-free arbitrage profits.

In general, the value of a financial investment is

measured in terms of the cash flows it generates.

If a financial investment leads to the same pay-

ments as another financial investment for all states

of nature with a positive probability, those invest-

ments are perfect substitutes and have the same

value.

Let it be assumed that the investor, by issuing or

purchasing zero-coupon bonds, could invest any

amount of money at the market rate R or borrow

money. Let the associated interest factor be

r= (1+R). If R and d are equilibrium rates of return,

the following must hold:

u + d . r . d + d
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The interest factor belonging to the risk-free secur-

ity must be higher than the percentage value de-

velopment of the risky security given an unfavour-

able price development. Otherwise, even given an

unfavourable price development, the total return

on the share would be higher than that on the

risk-free investment, and unlimited arbitrage

profits would be possible. For the same reason,

given a favourable development, the return on the

security must be higher than r.

Now, let QV be the number of dividend-yielding se-

curities contained in the equivalent portfolio and

QB the number of zero bonds with a price normal-

ised to unity. QB is negative if the investor borrows

money on the capital market. The market value of

the portfolio, in t=0, is:

(3) F0 =V0QV +QB

At the point in time t =1, after the dividends have

been paid and the interest has matured, the value

of the portfolio is:

F1 = (w + d)V0QV +rQB

The portfolio, QV and QB, must be chosen such

that its value corresponds to that of the option in

every state of nature:

uV0QV +dV0QV+rQB =Fu

dV0QV +dV0QV+rQB =Fd

Solving this system leads to:

Fd – Fu

d – u
QB = Fu (d + δ) – Fd (u + δ)

(d – u)r
, and V0QV = 

This determines the equivalent portfolio. The value

of the European option is equal to the value of the

portfolio in t=0 according to equation (3):

r(u – d)
Fu (r – d – δ) – Fd (r – u – δ)(4) F0 = V0QV + QB = 

Let it now be assumed that uV0.K.dV0. In this

case, the optimum behaviour for the investor is,

where the price pattern is favourable, to exercise

the option, and to let it elapse where prices are

unfavourable. This means that for (2):

Fu =uV0 –K and Fd =0

By inserting it into (4) one obtains

r
uV0 – K(5) F0 = 

u – d
r – d – δ

> 0 

for the value of the European option at the starting

time t=0. The holder of an otherwise identical

American option can choose whether to exercise it

right away, thus obtaining in t=0 the payment

V0 –K, or to hold the option for another period. If

the option is not exercised, its value then corres-

ponds to that of a European option. That means its

value is F0:

(6) F0 =max[V0 –K,F0]

The option is exercised if the realised yield is higher

than the value of the option when held, i. e. if the

following holds:

r(u – d)
Fu (r – d – δ) – Fd (r – u – δ)V0 – K ≥ 

3. The investment opportunity as a

“real option”

Following these preliminary considerations, the de-

cision problem described in section 1 can be de-

scribed as a problem of evaluating an option to

buy. The strike price K corresponds to irreversible
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investment outlays, with I=1,600 MU. The interest

factor is r = 1.1. The expected net value of immedi-

ate investment corresponds to the market value

of the security in the option pricing problem, so

that:

(1.1)t
PtV0 = E ∑ = 2,200

t=0

∞

Accordingly, the present value of future returns in

the next period is uV0 =3,300 MU given favourable

price movements and dV0 =1,100 MU given un-

favourable price movements. The return of 200

MU from the sale of the product for immediate in-

vestment corresponds in economic terms to a divi-

dend payment of (1+R)·200, resulting in D0 =220.

For the value of a European option containing

these features, by insertion into (5) one obtains:

1.1
3,300 – 1,600F0 = 

1
1.1 – 0.5 – 0.1

= 772.73 MU· 

That would be the amount paid in the financial

markets for the right to make an investment in the

following period. Instead, though, investment can

also be made immediately. The investment oppor-

tunity is therefore not a European option but an

American option and must be valued according

to (6) at F0 =max[V0–I,F0]. Immediate investment

is preferable for V0 – I$F0. Since

r
uV0 – lV0 – l < 

u – d
r – d – δ

, or V0 – l = 600 < 772.73 

immediate investment would be unwise. There-

fore, F0 =F0.

This illuminates from another angle the problem of

choosing the right time to invest. The net present

value criterion does not accurately evaluate the in-

vestment opportunity and fails as a decision-making

rule since it does not completely describe the deci-

sion problem – it does not take into account all the

opportunity costs. Valuation in terms of the net

present value implies that the opportunity costs con-

sist of nothing but the forfeited returns discounted

at the risk-free interest rate R. In reality, though,

when investment is made in t=0 the possibility of

investing at a later time is lost, and with it the ability

to decide on the basis of new information.

In order to make the investment seem profitable,

in the event of immediate investment the expected

total earnings less interest must not only cover

sunk costs but also the value of the investment op-

portunity in the next period under optimum behav-

iour influenced by new information. The value of

that opportunity under optimum behaviour shows

up as the value of an option with the appropriate

characteristics.

Annex 2:

Uncertainty as an entrepreneurial opportunity

Wherever an enterprise is able to adapt optimally

to a changing environment, uncertainty may also

add value to an investment project. An example

will serve in the following to explain this principle,

called the Hartman-Abel effect.

Unlike the option pricing model introduced in Ap-

pendix 1, there is no delaying possibility here: in-

vestment is made either immediately or not at all.

Besides capital, another variable factor is entered

into the equation, L, which will be called labour

here. The nominal wage rate is w MU, the life-

span of the project is infinite, and the production

function is

Y=F(K,L)=K1/2L1/2
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The purchase of a capital unit K=1 is considered.

The optimal labour input maximises the periodical-

ly occurring returns:

P(P,L)=PY–wL=PL1/2 –wL R max!

Depending on the sales price P, this leads to a de-

mand for labour L(P) and returns P(P,L(P)) where

4
1L(P) = 

2
 and Π(P,L(P)) =

w
P( ) 4

1 P 
w
P( ) . 

Let w = 100 MU. In a case of certainty, if the sales

price in this period and all subsequent periods is

P=200 MU, we then obtain L*=1 and P*=100

MU. Now let us assume uncertainty: let the price,

with a probability of q = 0.5, take on a value of

P=Pu =300 MU for this and all subsequent periods,

otherwise a value of P=Pd =100 MU is assumed.

The expected value E(P) thus remains unchanged

at 200 MU.

Now it is of crucial importance to know whether

the investor, to match the demand situation, can

freely determine the input of factors. If the labour

input must be definitively set at the time of the in-

vestment,14 the decision-maker maximises expect-

ed returns: the result is an optimum labour input

of L*=1 as before and expected returns of

E(P)=qP(Pu,L*)+ (1–q)P(Pd,L*)=100 MU

just as in the certainty case. However, if the invest-

or only needs to determine the labour input once it

Returns Π

Price of output P
0

Returns without adjusted
labour input
Π(P,L*)

Returns given adjusted
labour input
Π(P,L(P))

E(P)

Π*

E(Π)
B

P d

Π d
C

P u

Π u
A

Returns as a function of the price of output

Deutsche Bundesbank

    

    

    

    

14 This is the case for what is called putty-clay technol-
ogy, where factors can be substituted for one another
prior to installation but inputs are fixed following installa-
tion.
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is known what the sales situation is like, then it is

optimal to use more labour if demand is high and

less labour if demand is low. In both cases the in-

vestor can increase returns compared with the

fixed labour input situation. For P=Pu =300 the in-

vestor then demands L(Pu)=2.25, and for

P=Pd =100 labour demand is confined to

L(Pd)=0.25. This corresponds to annual returns of

E(P)=qP(Pu,L(Pu))+ (1–q)P(Pd,L(Pd))=125 MU.

At an interest rate of 10% the present value of

returns is now 1,375 MU compared with only

1,100 MU under either certainty or uncertainty

without the possibility of adjustment. If the invest-

or is able to adjust, uncertainty adds value to the

project. At the same time, in a situation of uncer-

tainty the value of the project is increased by the

possibility of adjustment. The project is more prof-

itable and will also be implemented at a higher

price. This relationship can be easily demonstrated

in graph form.

The straight line P(P,L*) shows the returns as a

function of the price of output P for a given labour

input L*. The relationship is linear because no ad-

justment is made. However, if labour input is ad-

justed, the returns in the best-case scenario, point

A, as well as that in the worst-case scenario, point

B, are both higher than in the non-adjustment

case. The graph of the returns function is a convex

curve, and the expected value, point C, is higher

than in the case of certainty.

There are many ways to generalise this principle.

However, if it is possible not only to adjust but also

to wait, combined with irreversibility, the impact of

uncertainty is ambiguous: it increases the present

value of returns yet at the same time creates an

option value for the possibility of waiting.15

15 See: Dixit, A.K. and R.S. Pindyck, op.cit., chapters 6
and 11, and Darby, J., A. J. Hughes Hallet, J. Ireland and
L. Piscitelli, op.cit.


